We have evaluated the influence of speed of intrathecal injection on lateral distribution of 0.5% hyperbaric bupivacaine. We studied 60 patients undergoing lower limb surgery who were placed in the lateral position with the operative side in the dependent position. After dural puncture (25-gauge Whitacre spinal needle), the needle aperture was turned towards the dependent side and 0.5% hyperbaric bupivacaine 8 mg was injected randomly at a rate of 0.02 ml s
Unilateral spinal block may be of use to practitioners faced routinely with unilateral orthopaedic surgery involving the lower limbs, as this technique may attenuate the haemodynamic effects of spinal anaesthesia. 1 However, conflicting results can be found in the literature. [1] [2] [3] Low anaesthetic dose and pencilpoint design of spinal needle tips have been demonstrated to be important factors in producing unilateral spinal anaesthesia, 1 4 while injection of hyperbaric solutions at very low speed (Յ0.1 ml s 91 ) through a pencil-point needle is known to produce a uniform stream, which should minimize mixing of the anaesthetic solution with cerebrospinal fluid. 5 6 The aim of our investigation was to evaluate the effects of different speeds of intrathecal injection on the distribution of a relatively small dose of 0.5% hyperbaric bupivacaine in a prospective, doubleblind study.
Patients and methods
The study was approved by the Hospital Ethics Committee and informed consent was obtained from each patient. In a pilot study we observed an incidence of unilateral spinal anaesthesia of 60%; as we wished to detect a 20% difference in the rate of unilateral spinal anaesthesia accepting an ␣ error of 5% and a ß error of 20%, the required study size was 30 patients per group. 7 We studied 60 ASA I-II patients, aged 25-65 yr, undergoing spinal anaesthesia for elective orthopaedic surgery involving a lower limb (e.g. toe, foot and ankle repair, in addition to knee and ankle arthroscopy). Patients receiving regular analgesic therapy and those with marked scoliosis, diabetes or peripheral neuropathy were excluded.
On arrival in the operating theatre, a standard i.v. infusion of lactate Ringer's solution 7 ml kg 91 was given. No premedication was administered before the block. Standard ASA monitoring was used, including non-invasive arterial pressure, heart rate and pulse oximetry.
Patients were placed in the lateral position with the limb to be operated on in the dependent position and the vertebral column kept as horizontal as possible by tilting the operating table or placing a pillow under the shoulder. Dural puncture was performed at the L3-4 interspace using the midline approach with a 25-gauge Whitacre spinal needle (Becton-Dickinson, NJ, USA). After free flow of cerebrospinal fluid (CSF) was observed, the needle aperture was turned towards the dependent side of the spinal canal and 0.5% hyperbaric bupivacaine 8 mg (Marcaine Spinal Heavy, Astra, Sweden) was injected. No aspiration of cerebrospinal fluid was performed either during or at the end of injection of local anaesthetic. According to a sealed envelope technique, patients were allocated randomly to one of two groups: in group slow (n:30), the local anaesthetic solution was injected at a speed of approximately 0.02 ml s 91 (1.6 ml injected over 80 s); in group fast (n:30) the local anaesthetic was injected at a speed of approximately 0.25 ml s 91 (1.6 ml injected over 6 s).
The lateral position was maintained for 15 min, then patients were turned to the supine position. Oxygen was administered by face mask if required. Hypotension, defined as systolic arterial pressure 30% less than baseline values, was treated with rapid i.v. infusion of lactate Ringer's solution 250 ml/5 min. If this proved ineffective, an i.v. bolus of ephedrine 5 mg was given. Bradycardia (:45 beat min
91
) was treated with i.v. atropine 0.5 mg.
An observer, blinded to the speed of intrathecal injection, evaluated the evolution of sensory and motor blocks on both surgical and non-surgical sides. Sensory block was evaluated by loss of pinprick sensation (20-gauge hypodermic needle), while a modified Bromage scale was used for motor block evaluation (0:no motor block; 1:hip blocked; 2:hip and knee blocked; 3:hip, knee and foot blocked). Sensory and motor blocks were tested every 3 min after injection of bupivacaine until patients were turned to the supine position, and then every 5 min until the point of regression of sensory level by two segments on the surgical side. Further testing was performed every 15 min until the point of regression of motor block by one degree on the surgical side.
The quality of spinal block was judged according to the need for supplementary i.v. analgesics and sedation: satisfactory spinal anaesthesia:neither i.v. fentanyl nor sedation; unsatisfactory spinal anaesthesia:need for additional i.v. fentanyl Ն0.1 mg and sedation (continuous i.v. propofol infusion 2 mg kg 91 h 91 ); failed spinal anaesthesia:general anaesthesia. The occurrence of postoperative headache, and pain or dysaesthesia, or both, in the buttocks, thighs or lower limbs was evaluated 24 h after dural puncture by the anaesthetist, and 1 week after operation during the first routine surgical visit by the surgeon.
Statistical analysis was performed using the program Stat-view 3.0 (Abacus Cone., USA). The Mann-Whitney U test was used to analyse differences between the two groups; the Wilcoxon test was used to analyse differences within groups. Contingency table analysis or Fisher's exact test were also used as indicated. P:0.05 was considered significant. Results are presented as median (range) or as number (%).
Results
The two groups were comparable in age, weight, height, ASA status, male to female ratio, duration of surgery and tourniquet times (table 1) .
No patient required general anaesthesia; one patient in group fast complained of pain as a result of thigh tourniquet 40 min after dural puncture, and required additional analgesia (unsatisfactory spinal anaesthesia). No differences in the incidence of hypotension were observed between the groups: one patient in group slow and two patients in group fast required i.v. ephedrine (ns).
The main results are summarized in table 2. The highest level of sensory block on both surgical and non-surgical sides, and times to reach it, in addition to times for regression of sensory level by two segments, and times for regression of motor block by one degree, were similar in the two groups. The incidence of unilateral sensory and motor blocks at the end of the 15 min in the lateral position and 30 min after patients were turned supine (45 min after injection of bupivacaine) was slightly higher in group slow than in group fast (ns). Figure 1 shows the evolution of sensory block on both surgical and non-surgical sides in the two groups of patients. Three patients (two in group slow and one in group fast) showed loss of pinprick sensation below T12 at the end of the 15 min in the lateral position. However, after patients were turned to the supine position, the final sensory level increased to T10 and T11 in the two patients in group slow, and to T8 in the patient in group fast. Although group fast showed a wider range of sensory block on both surgical and non-surgical sides compared with group slow, median values were not significantly different. There was a significant difference between surgical and non-surgical sides throughout the study within each group.
No urinary retention was observed in any patient, and postoperative follow-up revealed no neurological complications or post-dural puncture headache.
Discussion
We have demonstrated that intrathecal injection at an extremely low speed did not improve the rate of unilateral spinal anaesthesia. No differences in the characteristics of conventional bilateral spinal anaesthesia have been reported when injecting either isobaric 8 or hyperbaric 9 anaesthetic solutions at different speeds. However, the Whitacre spinal needle has been demonstrated to provide a non-turbulent uniform stream at.35Њ to the longitudinal axis when using a low speed of injection ( Յ0.025 ml s 91 ), and a violent stream with instant dispersion and mean angle of exit of 40Њ using an injection speed of 0.25 ml s 91 . 5 6 This Table 2 Sensory levels and motor block in the two groups. Data are median (range) or number (%). ***P:0.001 compared with surgical side suggested that low speed intrathecal injection would minimize the mixing of hyperbaric bupivacaine with CSF, improving unilateral distribution of spinal block. However, our results failed to confirm this. The incidence of unilateral spinal anaesthesia observed in our study was quite different from that reported after injection of 12 mg of hyperbaric tetracaine through a Quincke needle. 2 3 The anaesthetic dose is crucial in this regard, 1 4 10 and a close correlation between dose of anaesthetic and incidence of sensory block has been demonstrated. 4 A small dose can increase the failure rate of spinal anaesthesia. 1 In our study we used the intermediate dose (8 mg) of hyperbaric bupivacaine, which probably reduced the rate of unilateral block compared with previous studies, 14 but provided successful spinal anaesthesia in more than 98% of patients, with unilateral block 30 min after patients were turned supine in 43-56% of patients.
Similar to previous reports, 11 12 our results showed that the median time for regression of sensory level by two segments after administration of hyperbaric bupivacaine 8 mg was 75-82 min, and the median time for regression of motor block by one degree was 110-120 min.
Pencil-point spinal needles and extremely low speeds of injection have been reported as contributing factors in transient radicular irritation when highly concentrated hyperbaric lidocaine is used. 13 The record of neurotoxicity after spinal bupivacaine has remained, relatively untainted compared with both lidocaine and mepivacaine, 14 15 and no neurological deficit after anaesthesia was observed in our study. However, we believe that using extremely low speeds for intrathecal injection should not be advocated when attempting unilateral spinal anaesthesia, as no clinical advantages are provided.
In summary, the adverse haemodynamic effects of spinal block may be mitigated during unilateral spinal anaesthesia, as the reduced extent of sensory block could theoretically be associated with a lower degree of sympathetic block. 16 17 In our study, severe hypotension was observed in only 5% of patients, less than that reported during conventional bilateral spinal anaesthesia. 18 Further sufficiently powerful studies should be performed to evaluate the potential haemodynamic benefit of this anaesthetic technique.
We conclude that using extremely low speeds for intrathecal injection were not clinically advantageous in obtaining unilateral spinal anaesthesia. 
